The purpose of this study was to compare the effects of six weeks of squat training with those of plyometric training upon different types of physical performance in adolescent male and female team handball players. Twenty-six adolescent male and female team handball players (age 13.8±0.5 yr, body mass 57.5±11.5 kg, body height 1.70±0.10 m) participated in the study. Half of the subjects (n=13) conducted a squat training program, while the other half conducted a plyometric training program, twice a week for six weeks, in addition to their normal team handball practice. Both groups increased their performance after six weeks in agility, 30 m sprint and Yo-Yo IR1 tests, while no changes were found in the CMJ, strength test and throwing velocity. The results suggest that either a short in-season 6-week squat orplyometric training regimen can improve the physical performance of the lower body, while these programs will not enhance the performance of the upper body.
INTRODUCTION
Ball sports like basketball, soccer and team handball are very popular sports in the world that includes a lot of different movements requiring sprinting, agility, power, strength and aerobic fitness [13, 16] . There are a lot of ways to improve these motor abilities, but resistance training with free weights has been shown to be positive for power/jumping [21] and throwing [8] . However, several weight training programs had ambiguous results upon sprinting, repeated sprinting, agility and aerobic fitness performance [22] . Theoretically, the purpose of weight training is to increase the strength of the muscles, thereby changing the force-velocity relationship [10] . By increasing the strength of the muscles, it is plausible to increase the performance in sprinting, jumping and throwing due to increased maximal force, which would make it easier to throw, jump or sprint with the same absolute weight after training. However, in weight training, the execution velocity of the movements is much lower than in regular throwing, jumping and sprint movements. Furthermore, Kristiansen et al. [12] found that training resistance with lower velocity did not have a positive transfer to higher velocities. The training effect of movementsis often related to the specific execution in the performance context.
Plyometric or also called jump training is also often used in team handball, it is based upon increasing the rate of force development and stretch shortening cycles during the different movements [3] . Plyometric training is more explosive than weight training and would be easier to transfer into the different actions in team handball, such as jumping and sprinting. However, in most studies on plyometric, training with only one (depth jumps) or two countermovement jump (CMJ) plyometric exercises is used, with very high intensity [4, 19] . This could perhaps influence the injury rate and the motivation of the involved subjects. However, an integrated short plyometric training program with several small jump exercises, resulting in increased variation, could have the same or a better effect. This could also increase the motivation of the subjects. Marques et al. [14] showed that the use of a short plyometric training program (consisting of four exercises every time) that is integrated intoregular soccer training had positive results upon sprinting times (+3.2%), jumping (+7.7%) and kicking velocity (6.6%) in adolescent soccer players.
However, to our best knowledge, no study has investigated the effects of power training with weights (2-legged squats), compared with plyometric training, on jumping, sprinting, agility, aerobic fitness and throwing performance in adolescent team handball players. Earlier studies in soccer players showed increased physical performance [14, 15] , but team handball is a different type of ball sport. Difference in outcome could be the result of the demands of the different ball sports. Therefore, the purpose of the present study was to investigate the effects of these two training regimes over a period of six weeks in adolescent team handball players. It was hypo thesized that both groups would enhance their sprinting, jumping and agility performance, as was found in the studies of Marques et al. [14, 15] on soccer players, which used the same training programs. In addition, it was expected that throwing performance and aerobic fitness would not increase, due to the fact that they werenot subject to extra training. Furthermore, it was expected that the performance of the plyometric training group would increase more than that of the 2-legged squat training group, because plyometric training is much more explosive in nature, and it simulates the movements that are tested.
MATERIAL AND METHODS

Participants
Twenty-six competitive male and female adolescent team handball players (age 13.8±0.5 yr, body mass 57.5±11.5 kg, body height 1.70±0.10 m) participated in the study. The participants were from two different teams (one male and one female team) playing at the national level in their age class. The subjects were fully informed about the protocol before the start of the study. Informed consent was obtained prior to testing from all subjects and parents, in approval with the recommendations of the local ethical committee and current ethical standards in sports and exercise research. The experiment was conducted near the end of the competition season, from February to April. The tests were always conducted on the same day of the week and at the same time of the day (17:00-20:00 h) with the same researchers at each performance test.
Procedures
After a standardised general warm-up of 10 min, each participant was tested randomly using five tests: 1) for explosive strength of lower limbs, by a CMJ and a CMJ with arm swing. In the CMJ, the participants started from a standing position with their hands on their waist and a linear encoder (ETEnc-02, Ergotest Technology AS, Langesund, Norway) around their waist. Then, they flexed their knees to 90°, followed by a jump as high as possible while holding their hands on their waist. In the CMJ with arm swing, the participants were allowed to use their arms in the jump movement. The distance from the standing position to the highest position measured with the linear encoder was measured as the jumping height. Three attempts in each condition were made, with a half minute of rest between each attempt.
2) Sprint performance was tested by three maximum effort sprints of 30 m, for which the time was measured each 5 m using Brower equipment (Wireless Sprint System, USA). They started 0.3 m behind the first beams, which were placed at a 0.8 m height. The subjects performed sprints, separated by 3 min of rest. Only the best attempt was considered. 3) Agility was tested by an agility test proposed by Mohamed et al. [16] . The agility test showed maximal movement in a specific pattern related to team handball movements in defence (moving forwards, sideways and backwards), measuring the time in seconds (Figure 1 ), in which the participants had to touch each cone (height: 0.3 m). 4) Throwing performance was evaluated in two conditions: 1} a standing throw from 7 m and 2} throwing with three preliminary steps from 7 m distance to the goal. The participants were instructed to throw a regular team handball ball (men: weight approximately 0.45 kg, circumference 0.59 m; women: weight approximately 0.35 kg, circumference 0.56 m) as hard as possible straight forward. The maximal ball velocity was determined using a Doppler radar gun (Sports Radar 3300, Sports Electronics Inc.), with ±0.028 m/s accuracy within a field of 10 degrees from the gun. The radar gun was located 1 m behind the subject at ball height during the throw. In every test, three attempts were made, and the best attempt was recorded. 5) Lower limb strength was tested in two-legged squats with a weight of 20, 30 and 40 kg. Three repetitions per weight were conducted. The mean propulsion velocity at each weight [11] was calculated with a linear encoder with a resolution of 1000 Hz (T-force, Murcia, Spain) to establish, by linear regression, the training weight at approximately 1 m/s. This was chosen because this velocity has been observed to be the optimal one to produce the maximal power output [10] .
Aerobic fitness was tested at the end of all other tests by conducting the Yo-Yo Intermittent Recovery Test level 1 (Yo-Yo IR1), according to the procedures suggested by Bangsbo et al. [2] . The Yo-Yo IR1 was used because it has been shown to be an accurate test to evaluate an individual's ability to repeatedly perform intense exercise, and it simulates typical performance in team handball matches, like a fast break with return with increasing speed during a team handball season [7, 14] .
The subjects were tested three times: pre-test, retest and post-test. The retest was exactly one week after the pre test to avoid a learning effect of the tests. After the retest, the subjects from both teams were matched on their throwing performance and were allocated to eithera plyometric training adapted from an earlier study by Marques et al. [14] The training weight was increased after several training sessions, according to the overload principle (Table 2 ). Both groups conducted two training sessions per week for a period of 6 weeks, and the training was integrated intothe beginning of their regular team handball training sessions. Both groups conducted the same regular training sessions and the only difference between the groups was the plyometric and squat training sessions. No significant differences between both groups at none of the parameters at the pretest
Statistical analysis
A one-way ANOVA was performed on the anthropometrics and different physical performance tests (sprinting, strength, aerobic fitness, jumps, throws and agility) of the two groups at the pre-test. To compare the effects of the training protocols, a mixed design 2 (test occasion: pre-post: repeated measures) × 2 (group: strength vs. plyometric) analysis of variance (ANOVA) was used. Furthermore, the absolute and percentage change from the pre-to post-test, for each performance test, was also calculated for a comparison of the change between the two groups and a comparison with other studies. The effect size was evaluated with η 2 p (Eta partial squared), where 0.01<η 2 <0.06 constitutes a small effect, a medium effect when 0.06<η 2 <0.14 and a large effect when η 2 >0.14 [5] . The reliability of the performance tests was evaluated by calculating the test-retest reliability. The re-test was performed one week after the pre-test, on the same day of the week and at the same time of the day in the same order of tests for each participant. The level of significance was set at p≤0.05. The statistical analysis was performed using SPSS version 19.0 (SPSS, Inc., Chicago, IL).
RESULTS
Pre-test data indicated no significant differences in anthropometrics (p≥0.071) and performance tests (p≥0.148) between the two groups ( Table 2 ). The test-retest correlations for the different performance tests were all over 0.9, indicating a high reliability. A significant main effect from pre-to post-test was found (+2.0%) for sprint performance over 30m (F=15.1, p=0.001, h 2 =0.397) and agility times (+7.6%, F=98.6, p<0.001, h 2 =0.81, Figure 2) . However, the change in performance was only significant at 30 m and for the time from 20 to 30 m (F=24.8, p<0.001, h 2 =0.52, Figure 2 ). At the other distances, no significant changes were observed (F≤1.97, p≥.017, h 2 =0.079, Figure 2) . Also, the running distance in the Yo-Yo IR1 test (+27.3%) was significantly increased after six weeks (F=51, p<0.001, h 2 =0.73, Figure 3) . No significant change in the weight, at 1 m/s, in the strength test (+3.8%; F=0.66, p=0.42, h 2 =0.03, Figure 3 ), jumping height was observed for the countermovement jumps, with (+0.5%) or without arm (+1.6%) swing (F≤0.97, p≥0.34, h 2 ≥0.04, Figure 4) and peak ball velocity (standing 7 m throw: -0.1%, running 7 m throw: -1.0%) in the throwing tests (F≤1.23, p≥0.279, h 2 ≥0.05, Figure 4) were found. No significant differences in the changes between the two training groups were found (p≥0.31). 
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DISCUSSION
The purpose of our study was to compare the effects of adding a plyometric training program with a weight training program to the normal in-season regimen on different performance tests in adolescent team handball players. The main findings were that sprint, agility, and aerobic fitness increased, while there were no differences in jumping height, strength and peak ball velocity in throwing, with no differences in the changes between the two groups after the training period.
The increases in performance in sprinting were in line with earlier similar studies on soccer players [14, 15] . We found that the performance changes in the 30 m sprint primarily happened in the last 5-10 m (Figure 2 ). The performance increased by around 5.3%, which was similar to the squat training group (+2.5%) in the other study conducted by Marques et al. [15] and in the plyometric study (+3%) conducted by Marques et al. [14] . In the latter study, they also showed that there was only an increase in performance over the last 10 m, when the same plyometric program was applied to adolescent soccer players.
The strength weight at 1 m/s increased similarly (although not significantly) in the present study for the strength training group as in the study conducted by Marques et al. [15] (6 vs 9%), which indicates that using the same training regime by different training groups, but same squat training experience (sports students vs adolescent team handball players) gives the same results. It was not surprising that the throwing velocity did not change, because the subjects did not train extra for this, and they were near the end of the season. It was surprising that the jumping height did not increase, because an earlier study that used the same training program in young soccer players showed increased (+7.7%) jumping performance [14] . This may be explained by the fact that team handball players already do a great deal of trainingin jumping during their regular training, compared to soccer players. The increased number of jumps would not make a big difference in total for the team handball players, and therefore, would not substantially increase their jumping height during the tests. In addition was the focus of most jumps in the training program upon velocity of movement (Table 1) to increase leg stiffness and not on jumping height, which was tested by the vertical jump test.
Aerobic fitness was also increased after the training period, which was surprising, because the subjects did not train specifically for aerobic fitness. A possible reason for the increase may be due to the aerobic fitness test that was conducted: the Yo-Yo IR1 test. In this test, the players have to run 40 m, with a turn at 20 m, which requires deceleration and acceleration in the legs during the turn. It is designed to evaluate an individual's ability to repeatedly perform intense exercise, which is very typical for team handball [1] . This requires explosive strength. In both training groups, the explosive strength was stimulated, which was shown by the increases in the other performance tests. The test performance of the Yo-Yo IR1, which covered distances in our study, was comparable with studies performed upon youth national teams in soccer [1] , which showed that our subjects were at a high level for their age.
A limitation of our study was that we did not use a control group to investigate the training effects. However, in earlier studies with the same training programs involving soccer players of the same age [14, 15] , it was shown that the control group did not gain enhanced motor abilities. In addition, the tests and training were conducted at the end of the competition season, in which it is normal for performance levels to decrease [6] and not to increase, as shown in our study. Furthermore, it is also ethically difficult to divide a regular training group in two: one experimental group and one control group, in which the control group is not allowed to train at the beginning of the training. Therefore, only two training groups were included, without a control group.
No differences in enhancement were found between the groups; this was not hypothesized, because it was expected that the performance of the plyometric training group would show more enhancement in the different performance tests. An explanation for this finding could be that the weight training group squatted with relatively small weights (45-50% of 1RM) with full effort. This is also called power training [11] , which, in other studies, showed good results in strength enhancement. In addition, the power training was combined with some sprinting, which could have a positive transfer from enhanced strength to sprinting. This training was also combined with the players' regular training, and the players started with either the strength or plyometric training before conducting the rest of their regular training. The effects of including these training programs at the start of the regular training could have a post-activation potentiation effect (PAP) on the rest of the training, which could increase performance in the rest of the training [20] . Thereby, the training effect on the other performance tests, like the agility and Yo-Yo IR1 tests, could have been influenced positively. Both training groups had never trained so hard at the start of their regular training. This could have caused new metabolic stress and mechanical drag that may have led to positive performance effects for the rest of the training. More studies that investigate the acute effect of these two types of training should be performed before we can state whether the regular training is also affected by these types of training.
In future studies, the effects of gender, training order and time of the year should be included to investigate whether they affect the performance of these training programs. It is possible that the effects are different between genders or that the time of the year has an influence. In our study, the training groups were too small to make an appropriate comparison of the effects between genders.
It was indicated in our study that 6 weeks of supplementary plyometric or weight training (2-legged squats) in adolescent team handball players at the end of the competition season can enhance performance in, sprinting, agility and aerobic fitness, while it did not enhance jump heights, leg strength or throwing. It seems that training with 2-legged squats with weights of 45-50% of 1 RM (power training) or plyometric have the same effect on performance, and that they both could be included in regular training sessions for adolescent team handball players.
